Abstract. In this paper, wave interaction with a porous cylindrical breakwater is studied 9 analytically by linear potential wave theory. The breakwater is assumed to have a thin skin, with regard to the wave amplification factor, wave forces, and elevation contours are made.
Introduction

21
Porous breakwaters are often constructed to reduce the wave impact on coastal 22 and offshore structures. They can also reduce resonance more effectively than 23 an impermeable breakwater [1] . Since the early work of Jarlan [2] , wave in-
24
teraction with a porous breakwater has attracted the attention of many coastal 25 and offshore researchers. In one instance among many, Dalrymple et al. [3] 26 studied the reflection and transmission of a wave train at an oblique angle of 27 incidence by an infinitely long porous breakwater. Subsequently, Huang and 28 Chao [4] reported the inertial effect of the porous breakwater based on Biot's 29 theory of poroelasticity.
30
Following the porous wavemaker theory of Chwang [5] and subsequent 31 works, investigations have primarily been concentrated on the hydrodynamic 32 effects of a porous structure on the incoming wave trains, or wave impact on 33 porous structures as a breakwater in a harbour (e.g., [1, 6, 7] ). In most cases, tion factors, wave forces, and wave elevation contours near the structure are 81 discussed. 
PROBLEM DESCRIPTION
84
It is worth noting that theoretical derivation can be made on 2D plane waves, 85 and the linear solutions of 3D short-crested waves can be obtained by linear 86 superposition of two plane waves. We intend to extend this study to include 87 nonlinear effects. Therefore, in this section, the mathematical formulae are 
107
Assume that the fluid is inviscid and incompressible, and the flow is ir-108 rotational. Then the fluid flow can be described by a velocity potential Φ j ,
109
which satisfies the Laplace equation
subject to the combined linearised free surface boundary condition
and the bottom condition Figure 1 . Definition sketch of short-crested waves on a porous cylindrical breakwater.
where the comma in the subscript designates partial derivative with respect 113 to the variable following it.
114
The total velocity potential in region Ω 2 can be expressed by the summa-
115
tion of the incident and scattered wave velocity potentials
where Φ I 2 and Φ S 2 also satisfy (1) -(3).
117
The velocity potential of the linear short-crested incident wave [13] trav-118 elling principally in the positive x direction is given by the real part of
where k 2 = k 2 x + k 2 y , and
The term f (z, h) leads to the sea bottom condition being automatically 121 satisfied, while the linearised free surface boundary condition is satisfied 122 using the following dispersion relationship
Assuming that the fluid flow passing through the perforated breakwater 
where r is the radial axis, Sommerfeld radiation condition at infinity as follows:
Therefore, the scattered wave velocity potential Φ S 2 in Ω 2 is governed 139 by the Laplace equation (1) with the boundary conditions (2) and (3), the 140 boundary condition at the interface of fluid and breakwater at r = a (8) and
141
(9), and the radiation condition (10).
142
The velocity potential Φ 1 in the interior domain Ω 1 is governed by the
143
Laplace equation (1) with the boundary conditions (2) and (3), and the bound-
144
ary conditions at the interface of fluid and breakwater at r = a: 
2.2. ANALYTICAL SOLUTION
154
The incident wave potential (5) can be written in the cylindrical coordinates
where
and the J m and J 2n are Bessel functions of mth and 2nth order respec-
158
tively.
159
Splitting the product of the two trigonometric functions, and truncating
160
the infinite series at m = M and n = N , (15) becomes
(17) can be further simplified as
where L = M + 2N , and 
173
Similarly, the solution of the velocity potential in the interior region Ω 1
174
can be constructed as Substituting (18), (20) and (21) into the body boundary conditions (8) and
177
(11), and noting the orthogonality property of the trigonometric functions, we
where the prime denotes the derivative with respect to r.
180
It should be noted that (24) is not appropriate when G = 0. However, if 181 a very small value (e.g. 1e −12 ) is assigned to G(θ), representing the case of 182 impermeable wall, (24) still applies and leads to highly accurate results.
From (22) and (23), we have
Multiplying both sides of (24) by cos(jθ) (j = 0, 1, 2, . . . , L) and sin(jθ)
185
(j = 1, 2, . . . , L), integrating with respect to θ from 0 to 2π, and further
186
simplifying by the orthogonality property of the trigonometric functions, the 187 following set of linear equations is obtained.
in which The elevations in the interior and exterior regions are
(40) The pressures on the boundary (interior and exterior) are
(42) The total force per unit length in the direction of s (s = x, y) is be expressed explicitly as 
The total moments about an axis parallel to the y and x axis passing 207 through the bottom of the cylindrical structure respectively are factor, while a standing wave tends to result in its lowest value for ka ≤ 3.
244
For a breakwater with a uniform porosity, the nondimensional wave force the breakwater with a partial solid wall (Fig. 2(e) ) or an opening (Fig. 2(f) the inline wave force (P x ), but rather significant on the transverse wave force 348 (P y ). However, since P y is one order smaller than P x , we can conclude that 
